ABSTRACT Rapid growth and modernization of microwave communications is currently taking place in the commercial and military environments. Much of this growth is being accomplished through digital transmission and calls for efficient utilization of frequency spectrum allocat-ed for LOS communications. As the bit efficiency and data rates of digital radio systems have increased, the problems associated with multipath phenomena have become more evident. To minimize outages and to meet path availability objectives diversity protection alone, in many instances, is not sufficient. However, diversity protection coupled with an adaptive equalizer will meet the objective in all but a few severe cases. This paper describes a digital radio system in the 8 GHz band with 8 PSK modulation and nominal data rates of 45 Mb/s and 90 Mb/s. Multipath propagation and its effects on digital transmission are discussed. Improvements in bit error rate threshold with the use of an adaptive equalizer designed into the receiver are also presented.
INTRODUCTION
The recognized benefits in using digital transmission include: transmission quality, ease of encription, reduced system cost, and direct interface with digital switching systems. These factors constitute some of the driving forces that account for the rapid expansion-of digital transmis- sion. This modern high performance digital microwave radio, figure 3 . The auxiliary channel insert module inserts fault alarm and service channel information into the data streams and p-rovides protection for the radio frame. The encoder accepts the three data lines and clock from the auxiliary modulator. To prevent generation of line spectra, the data is scrambled and then differentially encoded. The output of the encoder is applied to the 8 PSK modulator. The modulator is a path length modulator, where the output of the RF source is phase modulated by the encoded data. The output of the modulator is then amplified in the high efficiency traveling wave tube amplifier. The amplified signal is then applied to the transmit filter for spectrum shaping. The lonq term stability of the transmitter spectrum shape is acheived by using a sealed 5 element cylindrical cavity filter made of INVAR. The transmitted RF spectrum is shown in figure 4 together with the Federal Communications Commision spectrum limits for a 20 MHz wide Rf channel.
MDR-8-5-( ) RECEIVER
The digital receiver is a conventional superheterodyne receiver with a low loss 6 element cylindrical cavity preselector filter and low noise single balanced hybrid mixer to achieve a low overall noise figure. A block diagram of the receiver is shown in figure 5 . The RF input signal is coupled through the preselector filter into the down converter mixer. The down converter module also contains an AGC amplifier to extend the dynamic range of the receiver. The 70 MHz output of the mixer is then coupled to the IF amplifier. The 70 MHz IF amplifier provides AGC amplification, system delay equalization, and establishes the receiver noise bandwidth. The AGC amplifier provides 55 dB of receiver dynamic range with a constant output level. In addition the IF amplifier has an adaptive amplitude equalization capability that can automatically correct for linear slope and in-band null. Clock recovery, carrier recovery, and data detection are accomplished in the 8 PSK demodulator together with prediction of RF channel performance obtained through an eye pattern monitoring circuit. Decoding and descrambling of the data streams occurs in the decoder unit to restore the three data lines applied to the digital transmitter input. The auxiliary channel drop module locates and extracts the twelve 32 Kb/s auxiliary channels and makes them available to the service channel and fault alarm equipment.
SYSTEM PROTECTION
The 1:1 switch and logic for the MDR-8-( ) is integrated into the radio bay.
The switching logic provides 12 levels of receiver priority and 8 levels of transmitter priority. It provides error free transfer of the receiver output signal for diversity and maintenance. The system is configured so that conversion to 1:N can be accomplished with minimum changes. MULTIPATH PROPAGATION AND EFFECTS ON DIGITAL RADIO Multipath in microwave propagation is a metereological phenonemon that has been recognized as a source of fading for many years. It arises from destructive interference between the primary signal ray and one or more reflected rays that arrive at the receiver antenna delayed in time from the primary signal. Although the multipath is a complex phenomenon the use of a two ray propagation model for laboratory studies has been proven to be a fair representation of this phenomenon. [2, 3] figure 6 , where the effects of amplitude slope and in-band null are shown separately. The results show that under multipath conditions creating amplitude slope or amplitude null, the system with the adaptive equalizer off, for most fades, is inoperative but, when the adaptive equalizer is turned on the BER threshold performances under the same conditions are brought well within the BER specifications of the radio with no multipath. The critical notch depth vs offset frequency for a constant BER is shown in figure 7 . This "WI' shaped curve shows the sensitivity of the system when a multipath disturbance (null)sweeps across the bandpass. The improvement, (decrease in sensitivity to multipath) is measured by the offset frequency required and by the additional fade necessary to achieve the same level of BER measured without the adaptive equalizer. [6] The adaptive equalizer used in the MDR-8-( ) is incorporated in the 70 MHz IF amplifier. It consists basically of two slope monitoring circuits tuned near the edges of the passband and a null detector tuned at center of the passband. CONCLUSION The MDR-8-( ) microwave radio system just described is intended for use in short and medium haul applications, and is a high performance, high-capacity system. The use of adaptive equalizer to counteract the detrimental effects of in-band distortion due to multipath will improve the systems availability and performance margin. ) n b25 +ZU
